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ABSTRACT 

The  proBent  oerles  of  experlmenti  were  undertaken  In  order  to  provide 
Additlonfil  infonnatlon  on  the  effects  of  different  heating  surface  r^teiw 
Inlfl  on  "boiling  heat  transfer.     Three  different  materials  were  used  In 
conjunction  with  three  different  fluids. 

Wires  of  plntlnuw,   tungsten  and  Iron  were  chosen  for  the  heating  sur- 
face materials.      All  wires  were  approTimately  0.010  inches  in  dlaneter  and 
two  inches  long.      The  fluids  used  were  methyl  alcohol,   oarhon  tetrachloride 
and   iso^ootane.     Measurements  of  wire  tenmemture  and  heat   flux  were  made 
with  the  wire  Immersed   In  the  fluid  and  heated  electrically. 

The  resxilts  Indicated  thot   there  was  no  major  effect  of  the  heating 
surface  material  on  either  the  "burnout  heat  flux  or  on  the  temperature  of 
the  nucleate  "boiling  region.     These   findings  are,   of  course,   limited  to 
the  wire-flvild  comhl nations  tested  as  well  as  to  the  range  of  experimental 
conditions  investigated. 


in 


TABL:^  of  COriTENTS 

Part                                                               Title  Pnge 

Aoknowlsdgeoientt  ^ 

Al)8trnct  ^^ 

Tatle  of  Contents  ^^^ 

I.         Introdtiotlon 

II.          Outline  of  the  Problem  ^ 

III.         Deecription  of  AppflTRtus  ^ 

IV,         Teat  Procedure  9 

V,          Presentation  ftnd  Dlecueaion  of  Datft  1^ 
71.         ConcluBlone 


20 


Appendices  ^^ 

References  ^ 

Tables  ^7 

Hf^x^s  ^ 


I .   INTHOPUCTIOH 

Boiling  hent  trftnefer  Is  defined  ab  h««t   tmnaf«r  from  a  surfnoe  to 
n  liquid  >i^en  the  tenpemture  of  the  llauld  adjacent  to  the  surface  le 
•uffloiently  high  to  cause  'boiling.      The  "bulk  temperature  of  the  liquid 
tnay  "be  at  or  helow  ite  saturation  terperature, 

A  typical  ■boiling  heat  transfer  curve  is  shown  in  Fig.    1,  vhere  the 
heat  transfer  rate,   q/A  (3tu/ln     sec.)  is  plotted  against  the  temperature 
of  the  heating  surface,  T  (°C).      In  the   region  A  to  B,  heat  is  trr^nsf erred 
hy  convection.     At  point  B,  with  the  surface  tenrperature   somewhat  a^ove 
the  hoillng  point  of  the  fluid,   huhhlet  of  vapor  "begin  to  form  on  the 
heating  surface.      Depending  on  the  fluid  and  the  temperature,    some  of 
these  "buhMes  grow  and  collapse  in  the  manner  descrihed  "by  Hef.   1,   and 
some  detach  from  the  heating  surface  and   rise  into  the  fluid.     As  the  sur- 
face temperature  is  increased,   the   frequency  of  "buhhle  formation  increases. 
lOventxially  some  of  the  huhhles  coalesce  and  form  a  partial  vnpor  hlanlcet 
over  the  heating  surface.     Because  of  the  relatively  poor  conductivity  of 
the  vapor,   the  "buhMes  tend  to  act  as  insulation  and  n  further  Incrense 
in  surface  temperature  actually  tends  to  lower  the  heat  tranefer  rate,     A 
maTlnum  is  reached  at  point  C,      If  higher  heat  transfer  rotes  are  required, 
the  surface  temperature  has  to  he  raised   to  a  value  ahove  y>.     Since  for 
some  comMnations  of  metals  and   fluids  this  temperature  is  ahove  the  r.elt- 
ing  temperature  of  the  metal,  TX)int  C  is  generally  called  the  "burnout 
point. 

In  the  region  "between  C  and  D  l/\rge  masses  of  vapor  are  formed  "by  the 
coalesence  of  individual  "buhhles.      These  large  vapor  masses  detach  and 
rise,    resulting  in  an  essentially  unstable  condition  at  the  heating  sur- 
face and  consldera'ble  agitation  in  the  fluid,     l^eyond  the  minimum  at  point 
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D,   a  stft'bla  ynpor  filn  forms  ftt  the  surfnce. 

7h.B  rogion  from  A  to  B  is  eanorally  known  as  the  convection  region, 
thpt  from  B  to  C  as  the  nuclente  "boiling  region,    thnt   fron  C  to  D  as 
the  partial  film  "boiling  region,   and  the  region  "beyond  D  as  the  conplete 
film  "boiling  region. 

In  engineering  denign,   the  "burnout  point   is  of  importance  as  it  often 
represents  a  practical  limit  to  the  amount  of  heat  that  can  "be  transfer^ 
red  from  a  surface.      j5ie  present  study  is  conc«jmed  with  thf  nucleate 
t)oillng  pegime  and  In  particular  with  the  location  of  the  "burnout  point 
and  with  the  temperature  at  which  nucleate  "boiling  heat  trrnsfer  "begins, 
A  oonsidera'ble  roliaae  of  data  has  "been  accumulated  on  water  and  several 
other  fluids,   nota"bly  alcohol.      The  heating  surface  was  usunlly  a  v/ire 
suspended  in  the  fluid  or  a  metal  tube  with  the  fluid  flowing  either  on 
the  inside  or  the  outside  of  the  tu"be.      (Hefs.   1,2,3,^»5) 

A  question  thnt  has  however,    received  relatively  little  attention 
concerns  the  possi'ble  effect  of  different  wire  materials  on  the  nucleate 
"boiling  region  and  the  "burnout  point  for  various  fluids.      It  hrs   so  far 
"been  generally  thought  that  the  location  of  the  nucleate  "boiling  region, 
as  well  as  the  humout  point,   are  not  significantly  influenced  "by  the 
wire  naterial.     Some  influence  of  the  wire  material  on  the  "burnout  point 
has,  however,  "been  recorded  (lief.   2)  and  it  seems  cesirahle  to  give  more 
attention  to  this  aspect. 

A  further  question  to  l>e  examined  is  that  concerning  the   relation  of 
the  terrperature  at  the  start  of  nucleate  "boiling  to  the  normal  fluid  "boil- 
ing point.     Here  again  It  has  usually  "been  asexuned  that  the  temperature 
at  the  start  of  nucleate  "boiling  is  close  to  the  normal  "boiling  point  of 
the  fluid.     However,   additional  experience  with  different  heating  surfaces 


and  fluids  Is   required  to  substflintlnte  this  AeBunptlon. 

The  present  serins  of  teste  were  xmdertnken  to  exanlne  tho  effect  of 
different  her>,tlne  surface  n;\torlnl  on  the  hurnout  point  and  on  the  nucletv- 
tion  tetrperature  in  dlffernnt  fluids.      It  is  hoped  thnt  the   reoultfi  inny 
help  to   form  concluplone  on  the  effects  of  heating  surface  nmterlal  on 
"boiling  hoat  transfer.      A  larger  "body  of  such  inforrvition  thnn  Is  now 
firfiilnhle  will  l)e  necesBnry  l)efore  it  will  he  possihlc  to  derive  any  gen- 
eral oorrel«tlon  hetween  the  humout  -point  nnd   the  pamneters  of  the  fluid 
and  the  flow  field. 


II.      OOTLIinS  OF  THTi:  I'ROBLliU 

In  order  to  carry  out  the  proposed   tierlee  of  tests,   it  was  decided 
to  use  AS  a  heating  surface  an  electrically  heated  wire  suspended  hori- 
sontally  in  the  test   fluid.     The  electrical  power  input  to  this  wire  could 
then  he  easily  Beasured  and  the  heat   transfer  rate  at  the  surface  of  the 
wire  computed  directly.     By  choosing  the  wire  diameter  sufficiently  large, 
the  wire  curvature  has  only  a  snail  effect  on  the  nuclentlon   (^ef.   ^).     On 
the  other  hand,   the  diameter  compared  to  the  length  of  the  %dre  was  suf- 
ficiently small  so  that  no  serious  end   effects  were  to  he  expected.     Cal- 
culations have  heen  carried  out  to  show  that  the  temperature  distrihution 
through  an  electrically  heated  wire  of  small  diameter  is  sufficiently  uni- 
form to  allow  the  assumption  of  constant  temperature  throughout  the  wire 
(Ref.   i*). 

The  heating  surface  materials  chosen  for  the  series  of  tests  were 
platinum,   tungsten  and  iron.     Methyl  alcohol   (CHoOH),   Carhon  tetrachloride 
(CCl^)   and  isooctane   (2-2-i>  trimethyl  pentane  {CK.) J^CU^CfliCn^) 2)  vere 
selected  for  the  test   fluids.     The  heating  surface  materials  were  oMain- 
ahl©  in  wire  form  with  a  high  degree  of  purity  txnd  the  necessary  physical 
constants  were  easily  ohtainahle.      The  fluids   chosen  also  consisted  of  a 
single  chemical  component  and  the  necessary  physical  constants,   particular" 
ly  the  holllng  points,  were  again  accurately  known,     Ta'ble  I   lists  the 
physical  properties  of  the   fluids.     No  attempt  wns  mnde   to  trent  the   fluids 
hy  degassing,   pressurisation  or  similar  methods,   as  in  practice  they  are 
normally  encountered  untre^^ted,   and   in  the  present  series  of  tests  it  was 
desired   to  Inyestigpte  phenomena  as  they  might   occur  in  engineering  ap- 
plications, 

F.aich  heating  surface  material  was  tested    in  all  the  fluids  and  at   two 
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dlfferent  "bulk  temperatures  of  the  liquid.     Normal  room  tempernture  of 
approximately  22^C.   and  a  l)ulk  tempernture  sll^tly  below  the  saturation 
temperature  were   selected.      Three  or  more  runs  were  mnde  nt  each  condi- 
tion with  eoch  wire,    so  that  a  total  of  ahout   seventy- flvf?   runs  were  pep- 
fomed. 

Eaob  heating  surface  material  was  ohtained   In  one  continuous  length, 
and  the  test  wires  txsed  were  cut   from  these.      Since  "both  resistivity  and 
temperature  coefficient  of  resistivity  are  strongly  affected  "by  composi- 
tion,   this  procedure  assured  that  all  wires  nominally  of  the   snine  material 
actually  had  very  nearly  the  same  conrposition. 


III.   DIJISCRIFTIOH  OF  APIARATUS 

The  meftsurenont  presenting  the  moet  difficulty  in  the  present  series 
of  tests  wfts  thnt  of  determining  the  wire  tempernture,  fmd   the  design  of 
the  Rppnmtus  was  Inrgely  dictated  hy  the  method  chosen.   Two  methods  of 
temperature  measurement  were  considered:   first,  the  poesitiility  of  using 
a  thermocouple  attached  to  the  wire,  and  secondly,  the  possibility  of 
using  the  wire  itself  as  a  resistance  thermometer.  The   first  method  was 
rejected  hecause  it  was  surmised  that  the  presence  of  a  thermocouple  at 
the  heating  surface  mi^t  furnish  extraneous  nucleation  points  and  thus 
influence  the  results ,  The  second  method  was  chosen  as  it  left  the  heat- 
ing surface  unohstructed.   The  surface  temperature  and  the  resultant  he^t 
flux  could  then  "be  calculated  from  relatively  simple  electrical  measure- 
ments. 

In  order  to  measure  the  resistance  change  with  teir-oerature  of  the  test 
wire,  the  wire  was  installed  as  one  leg  of  a  'Wheats tone  "bridge  as  shown  in 
Pig.  2.  The   change  in  resistpnce  with  temperature  could  then  "he   determin- 
ed "by  measuring  the  unbalance  of  the  "bridge  and  computing  the  temperature 
ant'  the  heat  transfer  rate  "by  the  methods  shown  in  Appendices  A  and  B. 

The  major  difficulty  encountered  in  the  construction  of  the  fixed  legs 
of  the  "bridge  wps  dissiwition  of  the  heat  caused  hy  the  rather  large 
currents  necessary  to  give  an  adequate  heat  flux  in  the  test  wire.   In 
order  that  these  fixed  leg  resistances  remain  constant,  they  were  con- 
structed of  0,0285  inch  diameter  manganin  wire  which  has  n  temperature 
coefficient  of  practically  zero  (±  O.OOOOOi^  /  ^C,  Refs.  6   and  7)  in 
the  temperature  range  "being  considered.  To  further  reduce  any  pos8i"ble 
resistance  changes  in  the  fixed  legs,  each  leg  was  constructed  as  a 
parallel  circuit  as  shown  in  l!*ig,  2,  with  each  resistance  thus  "being  re- 
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quired   to  Cftrry  only  hnlf  of  the  leg  current.      In  this  way  the  surface 
area  avalla'ble   for  heat  die»ipRtlon  wnp  incre'^eed.     To  dlBsipr.te  the  heat 
generated,   the  fixed   le^s  were   auBpended  In  a  cooling  fluid,      'inter  was 
rejected  as  a  coolant  as  in  several  experimental  atteinpts   changes  In  con- 
ductlTlty  were  ohserved  to  influence  the  mrgnitude  of  the  fixed  leg  re- 
sistance.     Traneforjner  oil  was   finnlly  used   as  o  coolant  and  proved  very 
satisfactory.     All  connecting  wires  were  of  No,   12  copper  wire. 

Fbr  flexiMlity  of  operation  of  the  "bridge  with  test  wires  of  dif- 
ferent materials  and  different   resistances,   it  was  necessary  to  construct 
one  of  the  control  realBtPnces  of  this  "bridge  so  that  it  could  "be  adjusted. 
A  manganin  slide  wire  resistnnce  in  parallel  with  a  twnganln  resistance 
constructed   like  the  other  permanent  legs  was  used  for  this  varia"ble  leg 
and  hoth  wires  were  placed  in  containers  of  transformer  oil. 

The  current  was  varied  hy  means  of  a  one  hundred  ohin,    fifty  step,   high 
capacity  rheostat   shown  in  ?lg.    2.      A  hallast   resistor  also   shown  in  ^^,    2 
wae  connected  in  series  with  the   rheostst.     This  hnllnst   resistor  opemted 
in  the  nucleate  "boiling  range  in  a  container  of  distilled  wpter. 

A  Leeds  and  T^orthrop  "Speedotnax"   self  halancing  potentiometer  wns  used 
to  measure  the  "bridge  unhrlance  as  shown  in  Wg.   2.     Decide  "boxes  were 
used   to   furnish  a  large  resistance   (9000xi.)   and   the  potentiometer  wns  used 
across  a  nortion  of  this  large  resistance,   measuring  millivolts  "by  the 
voltage  divider  principle. 

The  second  measurement   to  he  taken  was  that  of  the  current  in  the  test 
wire.     This  current  was  determined  "by  means  of  a  Weston  liilectric  DC  mil- 
liamneter,   type  D- 550^9  equipped  with  shunts  to  give  ranges  of  five,   ten, 
twenty  end   fifty  amperes.      The  Cali'bratlon  Lahoratory  at  the  Cnlifomia 
Institute  of  Technology  oali"brBted  the  instrument. 


-8- 

All  rwslstnnces  were  checked  with  p  Hu"blcon  portn'ble  Whentetone 
"brid/^.      A  group  of  mensurementfl  were  imde  over  nn  extendec?   period  of 
time  with  the  reelatance  "being  ynensured   In  th«   fluid  In  which  It  operat- 
ed during  the  tests.      These   resistance  tnensurerpenta  were   found   to  change 
hy  not  irore  than  one  "oer  c<»nt  over  n  period   of  sever?!  weekn   nnd  ae  a 
result,    only  one  valu**  of  epch  reslstnncp  vr^s  used   In  all   Cfllculfltlons. 

The  hulk  ternerature  of  the  test   fluid  was  measured  hy  a  standard 
mercury  thermometer  sus-nended  In  the   fluid. 

The  wire  of  platinum,   tungsten  or  Iron  was   clnnmed  "between  the  "brass 
plates   shown  in  ''Ig.    3»  which  were  fnstened  to  "Kov^r"*   rods.      These   rode 
were  used  In  a  previous  erperlment,   although  no  eneclal  requirements  were 
placed  on  the  electrode  material  hy  the  present  series  of  tests.     The 
"brass  plates  gave  a  negllgi"ble  contact   resistance  and  c'ld   not  appear  to 
react  chemically  with  the  test   fluid  with  one  erceptlon.     Carbon  tetra^ 
chloride  reacted  in  the  T^resence  of  the  red  hot  wire  and  produced  apprecl- 
©."ble  car"bon  deposits  as  well  as  another  de-nosit  presumed  to  "be  cuprous 
chloride.      Since  tests  in  the  full  film  "boiling  regime  were  not  necessary 
for  the  T)reeent  investigation,   this  phenomenon  was  not  o'bjectionahle.     Ho 
humouts  wei^  o^bsenred  at   the  contacts  rt  any  time  so  the  method  of  fasten- 
ing the  wire  a-nT>eared   to  "be  fully  satlsfrctory.      The  terminals  and   rods 
that  were  in  contnot  with  the  test   fluid  were  TDeriodically  cleaned  with 
a  ten  per  c?nt  hydrochloric  riclr^   solution. 


♦     Westinghouse  trade  name. 


IV.      T^ST  PHOCHDURK 

The  test   fluii?   wns  -nlnce^   in  '>  ben'ter  nnd  rllowed    to   settle   fron  the 
Initi'-'l  pouring.      The  taet  wire  vno  cut,   plrccd  In  the  clpn-'p,    ptv'   then 
Instnlled  In  the  "ber-ker.     Th^  v/lre  was  then  connected   to  the  hrldcrs  cir- 
cuit  r.D   shown  In   ^f:B.    ?  ■'»nr'   3.      The  TX)wer  w^p   turned   on  with  "11  of  the 
realflte.nce  of  the  rhno9tr>t   In  the  circuit,   thus  pro(?ucin,:^  n  very  small 
Inltlnl  current.      Vlth  thlr   smflll   current   flovln^  throu^  tho  hrid-^e,   the 
slide  wire  reslst'ttnce  vng  nt'jueted   to  initially  h-^lrince  the  ■brl(??:e.      The 
rheostat   repltitance  wns  then  reducer!  "by  ste-ns;    nt  each  step  the  Tnagnitude 
of  the  current  In  the  test  leg  was   recorded  from  the  anmeter  and  "bridge 
un'bnlance  was  oMalned  "by  rendln,?;  the  potentiometer. 

At  the  Instant  of  nucler>tlon,    the  potontioneter  would  ustmlly  move 
ahruTitly  from  the  Instnntnneoup  v»lue  to  n  lower  one,    Indicating  a  sudden 
drop  In  te7?roerAture.     This  type  of  temperature  overshoot  prior  to  ?ictual 
holllng  has  "been  o"b£?er7ed  previously  In  specially  trerted  wPter  (Hef.   3) 
and  in  ethyl  nlcohol   (Ref,    5).      It  wf«s  Quite  frequently  ©"btninod  in  the 
untreated  fluids  used  in  the  present  experiments,     ^^en  the  "hul'c  tempera- 
ture of  the  fluid  wfts  nenr  satumtlon,  hub'ble  formation  over  the  entire 
wlr«  length  appeared  at  the  Instant  of  nuclention.     When  the  "bulk  tempera- 
ture of  the  fluid  WPS  near  room  temrierpture,   the   r^te  of  hu"bhle  fornmtlon 
did  not   seem  rs  unlfonn  over  the  length  of  the  wire,   nt  leest  as  far  as 
could  "be  judged  "by  visual  ol)ser78tion.     The  ammeter  readin,;^  rr^moined   es- 
sentially constant  during  the  nucleetion  process  in  "both  cnses, 

Re??dlngs  were  tnken  as  the   rheostnt   resistance  was   ref''uced  to  "the 
r>oint  where  the  power  in  the  wire  "bec^jme  sufficient  to  cause   ""burnout". 
At  this  point,   the  ammeter  would    renoh  n  mnrlmum  ??nd  then  drop,   and  a  quite 
accurate  reading  could  "be  obtained  "by  cfireful  o"bservntlon.      The  uotentlo- 
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meter reading  inorensed  suddenly  at  this  point,  indicative  of  a  rapid 
rise  In  wire  terrpernture. 

T^>r  the  txingsten  ftnd  the  platinum  wire,  the  so  called  ""burnout"  point 
did  not  correal  ond  to  actual  fracture  of  the  wire.   The  wire  came  to  an 
•Quilihrium  tenmerature  in  the  full  film  hoiling  region.   This  tempera- 
ture was  Buffidently  high  to  cause  the  wire  to  glow  visihly.   The  iron 
wire,  howerer,  always  "broke  upon  reaching  the  "humout"  point. 

In  Boroe  cases,  readings  were  actually  taken  In  the  conplete  film  'boil- 
ing region.  This  was  done  In  the  same  manner  as  In  the  nucleate  "boiling 
range,  with  the  voltage  divider  for  the  potentiometer  set  at  a  different 
ratio.  The  return  curve  follows  a  different  route,  "but  co\ild  "be  traced 
accurately  all  the  way  hack  to  the  original  temperature. 

As  a  part  of  the  testing  program,  the  temperature  coefficient  of  re- 
sistivity (o^,  /°C)  of  the  wires  used  was  determined  and  the  results  were 
compared  with  the  values  given  in  various  handbooks  (Refs.  6,7).  These 
tests  were  considered  necessary  as  veiy  small  composition  changes  can  have 
apprecla"ble  effects  on  this  coefficient  and  it  was  considered  undesirable 
to  use  handbook  values  without  this  experimental  check.  Curves  of  re- 
sistivity,/^ (microhm  -  cm),  versus  temperature  were  constructed  (Pig.  k) 
and  used  for  all  computations  of  the  wire  surface  temperature. 

The  change  in  the  resistivity  with  temperature  has  to  "be  taken  into 
account  in  computing  the  heat  flux  value  (q/A,  Btu/ln.   sec).   It  was 
therefore  necessary  to  determine  the  temperature  at  each  ■ooint,  to  find 
the  corresponding  resistivity  and  then  o"btaln  the  heat  flux  from  the  equa- 
tion: £^  -J 


Va 


'''■"'  (Appendix  A) 


■  I 
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The  chnn^  in  tempemture  wns  conrouted   from  the   oquAtion! 

^    T   =    ^^ / 

/ R C   o<  (Appendix  B) 

The  tempemture  coefficient  of  resistivity,   o<  ,   w?\s  considered  constftnt 
In  the  teiirnerature   re^me  encountered  in  the  present  aeries  of  tests. 

The  measurement  a  necesBary  for  the  determinntion  of    /<?  and  cx  were 
taken  "by  placing  a  teat  wire  of  each  material   in  a  "beaker  of  alcohol, 
using  the  same  wire  holders  as   for  the  other  tests.     A  very  low  current 
was  used  in  the  test  'bridge  to  get  a  reading  of  "bridge  unhnlnnce.     Then 
the   fluid  was  heated   to  a  higher  temperature  and   the  "bridge  un"balance  was 
ag?iin  rend  from  the  potentiometer.      From  the  difference  in  "bridge  unhal- 
ance  and   from  the  vnlue  of  the  current  the  change  of  wire   resiatfince  with 
temperature  could  "be  computed,   and   consequently  the  temperature  coef- 
ficient of  resistivity  of  each  wire  material  could  "be  determined. 

YtiT  tungsten,    the  value  of   <=<  ©"btained  waa  O.OCU* 2^/^*0.      This  value 
agrees  closely  with  that  of    c?<.,j,.^2  0,00^5/®C,  which  is  listed   in  Ref.   6. 
Yaluea  of^/o  for  tungaten  are  liated  in  the  aame   reference  as  followa: 

Temperature  ®C  Resistivity 

yO,   mlcrohm-cm. 

17  5.65 

117  8.06 

217  10.56 

317  13.23 

Computing   o<   from  this     data  a  value  of  o<   «  0.00435/°C  was  o*btained. 
This  value  of  o4  was  used   for  computations  and  Fig.  h  was  constructed  from 
this  data. 

For  platinum,   the  experimental  value  of  c<  was  0.003^^8/^0.     Ref.   7 
liata   o(  as  0.0035^/°C     and  Ref.   6  givea  the  values  of  c<  shown  "below. 
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Tenmernture  ^'C  TleBlstivlty 

/O,    ndcrohm-cB. 

0  10.96 

100  1^.85 

^00  26.0 

Computing    o<  from  this  datn  gives  a  vnlue  of  0,003 'i^t'/'^C.      Thte  l^st  v>ilue 
of   o<  was  used  la  all  coTm-)UtAtion8. 

?br  iron,   the  experimentftl  value  of  o<  ^ns  0,005/^C.   which  agrees  vith 
that  given  hy  Hef.    6  for  a  tenperature  of  20°C.      Since  no  consletent  hand- 
hook  data  could  he  found  for^   versus  temperature,   the  experimentally 
determined  values  of  the   resistance  at   20®C.    and  of  c<  were  used  to  con- 
struct  Pig,   4,      As  an  initial  value,    the  data  given  in  Hef.   6  for  ^^OQ^'C* 
10  X  10*     Elorohii>-cin    was  used,  which  checked  closely  with  the  experi- 
mental value, 

Results  of  the  calihratlon  tests  and  a  comparison  with  reference  data 
are  tabulated  in  Tahle  II  with  an  error  estimate  also  shown, 

■Pefore  proceeding  further,   it  may  he  helpful  to  estimate  the  rccuraoy 
of  the   temperature  Bnd  heat  flux  rntes  ohtainahle   from  the  present  test 
installation,      l^lrst  the  reelBtances  of  the  hridge  had  to  "be  determined. 
These  measurements  were,   as  previously  stated,   ohtained  with  f>  ^hicon 
portahle  Wheatstone  hridge  and  the  error  in  this  measurement  wag  consider^ 
ed  less  than  one-half  of  one  per  cent. 

The  mercury  thermometer  usecf   for  temperature  measurement  was  nrestimed 
accurate  within  the   rej^rfing  error  of  0,2®C,    resulting  in  negligihle  error. 

Heading  errors  on  the  potentiometer  were  negligihle  and  a  calihration 
of  the  instrument  with  a  standard  cell  showed  no  detectahle  deviations. 
Therefore,   these  errors  were  considered  negligihle  compared  with  the  other 
inaccuracies  of  the  apoarfitus.      The  principal   limitation  on  the  accuracy 
of  the  ammeter  was  the  accuracy  with  which  the  dial  of  the  anneter  could 
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te  read.     This   rending  error  is   estinatflcl   to  be  two  pr.rts  in  two  hundred. 
or  one  per  cent  of  the  full   scale   re/^^ing. 

Tnkinf:  into  account  the  foregoing  experimental  errors  nnd  considering? 
the   small  discrepancies  between  the  listed  and  the  BJeasured  value  of^  . 
the  values  of  X)   were   considered   to  he  accurate  within  two   per  cent.      The 
temperature  coefficients  of  resistivity,   oC  ,  were  similarly  estimated  to 
"be  accurate  within  3  percent. 

The  wire  dimensions  were  checked  hy  micrometer  and   scale.      Lengths 
were  accurate  to  hetter  than  one  per  cent.      The  diameter  of  the  platinum 
and  tun,<?8ten  wires  was  found  to  he  0.010  ±   .0002  inches.     The  diameter  of 
the  iron  wire  ranged   from  O.OO9I   inches  to  O.OO89  inches,  with  the  averag* 
value  of  0.009  inches  heing  used   in  all  calculations. 

Summing  the  poseihle  errors,   it  Is  estimated  that  the  temperature  de- 
terminations are  accurate  to  %  5®C.   and  the  heat  flux  values  to  ±  7i. 


7.      FKBS STATION  ANP  DISCUSSION   OF  DATA 

Th«   resultm  of  the   erpprlBents   nre  prepented    in  n.  eeriee   of  gr^rha 
of  heftt  trnnafer  r^xtea   (q/A  In  Btu/ln.      sec.)  Tersup  wall  tempemture 
(T,    de^r««B  Centigmde).      Two   reT)reBentntivG  grspha,    ^fjfi.    5  "nc^  ^.   «re 
Bhovn  for  diecusalon  purpoees.     Detail  gratiha   for  each  wire- fluid  conMna- 
tion  ftre  ahown  in   Pl^a.   7  through  2^.      Trom  the  data  for  the  Iron-inethyl 
alcohol  oorMnatlon  in  Tlfjs.    9  and   12,    Fiff,    5  wn?;  prepared.      Only  the 
center  curvea  of  TigB,   9  and  12  are   reproduced.      One  of  the  curves  in   F'ig, 
5  correaponds   to  a  fluid  hulk  terpemture  of  22®C.    (room  temperature)  and 
the  other  to  a  fluid  "bulk  temperature  of  63°C.,  which  la  only  2°C.  helow 
the  Baturation  temperature.      The  cunrea  in  Fig.    5  will  "be  dlscuaaed  in 
detail,   ae  they  are  quite  typical  of  the  result a  obtained  with  other  wirea 
and  fluids. 

In  Pig.    5»   point  A  Indicates  the  "beginning  of  the  ran  for  a   fluid 
hulk  temperature  of  22°C.     Upon  heating,    the  portion  of  the  curve   from  A 
to  B  was  first  ohtained,  \diich  region  corresponds   to  heat  transfer  "by  free 
convection.      In  this  region  no  huhble  formation  was  observed ,   except  pos- 
elhly  the  occurrence  of  an  occnslonal  air  buhhle. 

At  point  B,  hubhles  would   form  spontaneously  and  in  great   quantity 
OTer  most  of  the  wire  concurrent  with  an  ahrutit  temperature  decrease,   as 
indicated  by  a  sharp  drop  in  the  potentiometer  reading.     Upon  further  heat- 
ing,  the  steep  portion,  CD,   of  the  curve  typical  for  nucleate  hoiling  heat 
transfer  was  ohtained.     The  portion  of  the  free  convection  curve  AB  which 
lies  at  a  temperature  above  that  of  point  C  corresr^onds   to   the  ter^perature 
overahoot  which  has  "been  ohserved  previously  "by  several  investi/^ators 
(RefB.   3»5)»      The  phenomenon  of  this  overshoot  has  been  explained   (Hef.    3) 
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"by  aspuning  thnt ,   unt'er  certain  conditions,   there  will  exist  only  rela- 
tlyely  8in«ll  nucleatlon  cavities  In  the  nelghhorhood  of  the  heating  sun- 
facw.      Relntivfily  high  temperatures  will   then  >e   rf>nulred  to  overcome  the 
surface  tension  of  the  cavities  and   to  Initiate  huhhle  formation.     Once 
the  (f^eneration  of  large  hu'bhlee  has   started,    the  heating  surf.''ce  has   there- 
by "been  exposed  to  large  masses  of  ra-nor,   and   it   Is  helleved   thnt  large 
nucleatlon  cavities  will  have  heen  created.      Thfise  large  cavities  will  then 
make  further  "boiling  posplhle  at  lower  temperatures.     With  the  present 
series  of  fluids  and  heating  surface  materials,   the  overshoot  occurred  fre- 
quently and  without  any  special  preparation  of  the  fluid.     Th^  terpemture 
overshoot  Is  of  interest  In  studying  certain  aspects  of  the  pro"blem  of 
hu'b'ble  formation.      I'br  engineering  applications,  however,   the  portion  of 
the  curve  AB  which  corresponds  to  the  ove?^hoot   is  expected  to  he  of  only 
minor  importance.      The  tempfraturea  in  the  fully  developed  nucleate  "boil- 
ing region,   on  the  other  hand,  were  to  "be  investigated  as  a  part  of  this 
study.      As  the  temperature  range  of  the  nucleate  "boiling  region  wae  small. 
It  was   sufficiant   to  give  a  typical  value   reprepentntive  of  this   range. 
The  temperature  determined  "by  the  intersection  of  the  free  convection  curve 
with  the  extrapolation  of  the  nucleate  boiling  curve  (point  C   on  ?lg.    5) 
was  taken  as  this  typical  value.     Point  C   corresponds  to  the  "beginning 
of  the  nucleate  "boiling  region  In  cases  in  which  there  ie  no  terpemture 
overshoot,   and  In  the  following  the  temperature  corresponding  to  point  C 
will  "he  called  the   "nucleatlon  tempfsrature". 

As  the  heat   transfer  was  increased  "beyond  that  corresponding  to  point 
C   ,   the  rate  of  hu^hle  production  seemed   to  increase  steadily  with  cor- 
respondingly greater  agitation  of  the  fluid.      As  point  Ti  was  approached 
""burnout"   occurred  as  indicated  "by  a  Eudden  and  drastic  change  in  wire 
temperature.      In  the  cases  of  platinum  and  tungsten,   the  wire  glowed  "but 
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would  usually  not  melt.      Reftdlngs  could   fliotuplly  "be  taken  In  the  high 
tempemture  ftill   film  "boiling  mn^.     The  iron  wire,   however,   plwnye  welt- 
ed  at   the  huraout  heat   flur, 

A  slirllar  set  of  datn  wbb  ohtnlneri  with  the  initial  fliild   hulk  teirpera- 
ture  near  the  enturfition  tempemture.     The   results  correspond  to  the   right 
hand  curve  in  Pig.    5«      The   type  of  curve  obtained  and   the  phenomena  observ- 
ed were  the  enme  for  the  experiments  at  the  elevated  "bulk  temcerature  as 
for  those  at    the  lower  hulk  tenmerature.      The  nucleate  boiling   region  in 
this  case  was  consistently  at  surface  temperatures  higher  than  those  de- 
termined in  the  tests  at  low  bulk  temperatures.      The  burnout  points  were 
all  lower  than  those  at  low  bulk  temperatures  as  was  expected  in  view  of 
the  available  experience  in  boiling  hent  transfer. 

The  princi-nal  Questions  to  be  Investigated   in  the  present  series  of 
experiments  were  the  effects  of  wire  naterlnl  on  the  burnout  point  and  on 
the  tempemture  in  the  nucleate  boiling  region.      These  effects  may  be 
studied  by  examining  the  datn  shown  in  T^gs.    7  through  2U, 

The  burnout  point  will  be  considered   first.      The  data  shows  that  there 
was  a  variation  in  the  burnout  point   for  a  given  fluid  and  bulk  temperature 
for  successive  tests  with  the  same  wire  material.     These  varlptions  were 
generally  within  5  -  10^.     This  variation  wos  probably  due  in  part  to  ex- 
perimental error,    and  in  part  possibly  to  slight   differences  in  the  sur- 
face conditions  and   composition  of  the  wires.     The  differences  in  the  bum- 
out  points  obtained  with  the  three  wire  materials   respectively,   were  of  the 
eane  order  as  the  scatter  of  the   results  obtained  from  several  tests  with  a 
single  material.      From  the   results  of  the  present   series  of  tests,    there- 
fore,  no  definite  effect  of  the  wire  materinl  on  the  burnout  point  was  de- 
tected.    The  average  values  of  the  burnout  point   for  methyl  alcohol  were: 
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Fluid 
Biilk 
Tempemturs 

Arerage  (  ? /A),,,^^    Btu/in^  see 

ATera^ 

f/A 
for  all 

wires 

Greatest 
Deri at ion 

from 
Avora^  i> 

Platinum 

Tungsten 

Iron 

22®C 

1.210 

1.^53 

1.295 

1.319 

10.17 

6'fc 

0.519 

0.5'*2 

0.551 

0.537 

3.35 

Ibe  corresponding  data  for  octane  was: 


nuid 

Bulk 
Temperature 

Average  (  ?  I^)jaf^    Btu/ln^  see 

Average 

for  all 
wires 

Greatest 
Deviation 

from 
Average  ^ 

Platinum 

Tungsten 

Iron 

22®C 

0.580 

0.653 

0.5^7 

0.6 

8.83 

7^°C 

o.t^ 

0.^3 

o,ky^ 

o,ivS<) 

5.^5 

The  data  for  carbon  tetrachloride  was; 


Sluld 
Bulk 
T«nperaturB 

Aremge  (  1  /l^nax    Btu/ln^  sec 

Are rage 

?/A 

for  all 

wires 

Greatest 
Deviation 

from 
Average  i> 

Platinum 

Tungsten 

Iron 

22<>C 

0.557 

0,650 

0.753 

0.65^ 

15.75 

Tjoc 

0.282 

0.276 

0.267 

0.275 

2.91 

The  second  question  to  T)e  studied  was  that  concerning  the  temperature 
in  the  nucleate  "boiling  region.   The  temperature  at  the  "beginning  of  this 
region  (point  C»)  vrill  te   taken  as  the  significant  tetnperature  as  was 
mentioned  before.  Again  the  differences  in  the  experimental  ralues  for 
successive  tests  with  the  same  wire  material  were  of  the  same  order  as 
the  differences  obtained  with  different  wire  materials.   Jbr  the  comhlne- 
tlons  of  %dre8  and  fluids  tested  no  dependence  of  the  nucleatlon  tempera- 
ture on  the  wire  material  could  he  determined. 
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The  RCtUftl  dntn  o"btnined  ie  Bhown  "below. 


TIucle?>tion  Temperatures,   C 


'VI  re 

Plfitinum 

TunfjBten 

Iron 

Boiling 
Point 

?luid    Tenr:. 

Room 

Sat 

Room 

s«t 

Hoom 

Sftt 

Alcohol 

95 

110 

93 

118 

75 

B7 

6^ 

Octnne 

96 

130 

120 

125 

88 

122 

98 

Cnrhon  Tetm- 
chloride 

85 

90 

80 

91 

80 

97 

76 

In  all  cases  the  nucleation  tenrpersture  wns  closely  related  to  the 
"boiling  Tooint.   The  widest  VArintion  wns  ©"beerved  for  »  platinum  wire  in 
octwne  at  n   "bulk  teinperature  of  76°C.,  in  which  the  nucleate  "boiling 
region  was  at  a  temperature  32®C.  R"bove  the  normal  "boiling  point  of  98®C, 

It  can  "be  seen  that  in  most  CAses  the  temperature  of  the  nuclention 
region  was  hi/^er  when  the  hulk  temperature  of  the  fluid  was  near  satura- 
tion than  when  the  hulk  temperature  was  low.   The  reason  for  this  "be- 
havior can  not  he  fully  explained  from  availahle  data.   It  is  posrihle 
that  these  differences  are  attrihutahle  to  the  difference  in  air  content 
of  the  fluid  at  the  two  temrperatures.   In  each  case,  the  liquid  was  pro"b- 
ahly  saturated  with  air,  am'  therefore  contained  more  air  at  the  low  hulk 
temperature  than  at  the  high  one.   The  fluid  which  would  flow  from  the  main 
hody  of  the  liquid  into  the  nelghhoihood  of  the  wire  would  thus  hare  had  to 
give  off  more  gas  when  the  "bulk  temperature  was  low.   Gas  huhhle  formation 
must  therefore  "be  expected  to  occur  more  readily  in  the  former  case  than 
in  the  latter. 

In  the  case  of  octane,  the  nucleation  region  for  one  series  of  r\me 
at  low  "bulk  temDerature  was  at  a  tempereture  which  is  actually  helow  the 


-19- 
nonnal  sntumtion  point.  Thin  could  poflBl"bly  also  "be  explained  on  the 
"baeie  of  gas  "bub'blo  formation  ne  was  discuBaod  n"bove. 

In  n  few  CAsen,  mop.surenents  were  extended  into  th*^  full  film  "boiling 
region  and  the  drvta  thus  obtained  Is  presented  in  Fig.  ^.   Fnth  f^BCD   was 
followed  as  previously  dosorihed  with  the  test  wire  "beconlng  incandeecent 
■between  points  D  and  "^.,     With  the  same  rheostat  settin/;,  equili"Viriuin  was 
renohod  at  point  E,  with  full  film  "boiling  "being  quickly  eBta"bli8hed,   As 
descri"bed  in  the  introduction,  a  fairly  Bta"ble  vapor  film  was  assumed  to 
form  At  the  wire  surface;  however,  Inrge  quantities  of  vapor  detached  from 
this  layer  and  rose  to  the  surface.   This  "boiling  effect  was  continuous 
over  the»  length  of  the  wire  and  resulted  in  great  agitation  of  the  fluid. 

By  inoreBBing  the  current,  the  portion  of  the  curve  from  "PI  to  F  was 
o"btained.   As  the  current  was  increased  the  wire  "became  viai"bly  hotter  and 
greater  Ar'itation  of  the  fluid  took  -Dlace.  Reducing  the  current  resulted 
in  the  portion  of  the  curve  from  P  to  G, 

Near  point  0,  agitation  of  the  fluid  and  the  rate  of  "bu'b"ble  production 
decreased  greatly.   When  point  G  was  reached,  nucleate  rather  than  film 
hoiling  appeared  to  he  fairly  well  eBta"bliBhed  and  the  path  to  H  was  follow- 
ed without  any  changes  in  current  "being  made.   From  H,  the  path  followed 
the  increasing  flux  curve  very  closely,  bypassing  the  tcirperature  over- 
shoot. 

Data  were  not  taken  in  the  full  film  boiling  regime  for  all  wire  fliild 
conbinations  as  only  the  nucleate  boiling  range  and  the  burnout  point  were 
of  primary  interest  for  this  study. 
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vr.   CONCLUSIONS 

It  was  the  purpose  of  the  present  eerioe  of  testa  to  detemine  the 
effect  of  the  Bateriftl  of  the  heating  surface  on  the  "burnout  point  and  on 
nuclf^ation  tetn;>orHture  for  nucleate  "boiling  heat  transfer.   The  heating 
Burfaoe  Tuaterlnls  used  were  platinum,  tungsten,  and  iron  wiree  and  the 
test  fluids  were  methyl  alcohol,  carT^on  tetrachloride,  anc"  ieo-octane. 
The  experiments  carried  out  were  described  in  section  IV  and  the  results 
were  presented  in  section  V, 

The  results  show  that  the  "burnout  point  ac  well  as  the  nuclention 
point  for  each  comhination  of  fluid  and  wire  material  are  suhject  to  a 
certain  scn^tter.   ?'or  the  "burnout  the  range  of  this  scatter  wns  npproxi- 
mntely  five  to  ten  per  cent  of  the  average  value.   This  scatter  is  explain- 
a"ble  in  part  "by  errors  inherent  in  the  use  of  the  test  equipment.   In  part, 
however,  it  is  "believed  to  "be  due  to  sli^-^t  variations  in  the  surface  con- 
dition of  the  wire,  in  the  composition  of  the  wire,  and  posBi"My  to 
small  changes  in  the  imrurlty  and  dispolved  air  content  of  the  various 
fluid  sar.ples.  "Vr^riations  in  "burnout  heat  flux  o"btained  with  different 
wires  in  the  same  fluid  were  of  the  same  order  as  the  variations  ©"btained 
in  guccesBive  runs  with  the  srune  wire  material,  V/lthin  the  accurpcy  of  the 
tests,  the  "burnout  point  may  "be  said  to  "be  independent  of  the  wire  material. 

As  a  second  item,  the  temperature  in  the  nucleate  "boiling  rej-^lon  was 
to  "be  investif^ated.   As  thw  temperature  change  throughout  this  region  is 
small,  it  was  sufficient  to  give  e  single  characteristic  vnlue  for  the 
whole  range.   The  nucleation  temperature  (illustrated  "by  point  C  in  Pig, 
5)  was  selected  as  this  characteristic  value.   The  nucleation  temperature 
for  p..   given  wire-liquid  coin"binatlon  at  fixed  "bulk  t«^mperature,  was  again 
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Bu'bjeot  to   rather  wide  ▼prlntiona    (   ±    10°C.).      Agriin  this  wre  attrl'buted 
In  pnrt   to  sll^t  ▼nrlntlona  in  the  chpracteri sties  of  the  wire  nnd   the 
fluid.      The  differences  in  nuclefttion  temperature   for  rlffer^nt  wire  irpten- 
IpIb  were  not   sisniflcnntly  wider  than  the  differences  in  nucleation  tein- 
perature  ohtoined    from  reyerrl  tests  with  the   same  wire  material.      The 
results,   therefore,   do  not  show  any  effoct  of  the  wire  material  on  the 
nucleation  point. 

The  lar,fl;eet  deviation  of  the  nucleation  tenrnerature  from  the  normal 
hoilin^  point  wae  observed   for  a  platinum  wire  in  iso-octnne  at  a  "bulk 
temperature  of  76*^0.      In  that   case  the  nucleation  temperature  exceeded   the 
normal  "boiling  point  "by  32®C.      Such   temperature  differences  may  "be  of  im- 
portance In  some  heat  trajisfer  equipment.      In  many  applications  however, 
particularly  in  the  design  of  cooling  pystema,   the  assumption  that  nucleate 
"boiling  takes  place  approximately  at  the  normal  saturation  temperature  may 
"be  adequate. 

It  was  further  ©"bserved  that  for  each  wire- fluid  com"bination  the 
nucleation  temperr^ture  increased  with  the  hulk  temperature .      Wo  corr  lete 
explanation  for  this  hehavior  wns   found,   "but   it  was  "believed   that  this 
effect  co\ild  "be  caused  "by  ch.anges  in  the  air  content  of  the  liquid.      (See 
section  V.) 

On  the  "basis  of  the  availa'ble   results  it  may  "be  concluded  that  the 
wire  material  has  no  major  effect  on  either  the  magnitude  of  the  "burnout 
flux  or  on  the  temperature  in  the  nucleate  "boiling  region.     This  conclu- 
sion is  of  course  limited  to  the   surface  materials  and   the  fluids  used  in 
the  present  series  of  tests  as  well  as  to  the   range  of  experimental  con- 
ditions investigated,      ^rther  tests  will  have  to  he  confluctec'  hefore  it 
will  he  po88i"ble  to  make  a  more  general  statement   on  the  effect  of  surface 
material  on  hoi  ling  heat  transfer. 
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APrKTOIX  A 
Computation  of  Tearceraturft  Plfference 

Hef,   2  shows  ft  derivation  for  the  change  in  reBiatnnce  in  one  leg 
(  ^  H)   causing  unbalance  of  a  '.-fheat stone  "bridge. 


In  the  din^rsm  ahove,   R^  is   the  leg  with  the  changing  resistance  and  I 

is   the   current   in  this  leg.     The  "bridge  \in'balance  is  the.  potential  dif- 

ferenc'=>  across  B    ,    the  voltage  e   ,      The  change  in  resistance,   provided 
6  S 

the  resistance  R^  is  large  compared  to  the  others   (9OOO-0.  to  0.2-^  in 
this  case)  Is: 


_^^^ 


<^J^s(f^,  ^  F<z)  ^  (f^^  ~^^a)  (^^  ^  ^^  i7 


In     O' 


'(2 


In  this  equation  D°  is  the  determinant  of  coefficients  from  the  basic 
matrix  of  current  and  potential  equations. 

D°  •  Rj^  R|  R3    -^    Rg  R3  Ri^    -^  Rg  R^^  R^    -^   H^  R^  R^ 
Tiia  change  in  tenpomture  of  the  heating  wire   from  that  at  "balance 
is  given  hy  the  eq\intion: 

AT  2    ^R/R4  0< 
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vhero  Rj  s  /o  .  L/A        the  initial  reeietance  of  the  wir« 

L  a  wire  length 

A    a  wire  crona   sectionol  area 

o<  ■   temperature  coefficient  of  resistivity  of  the  wire  material 

over  the  temperature   rrm^e    A    T 

The  "bridge  was  constructed  with  the  following  values  of  the  various 

resistances.  * 

\  .     R| 

R5   Platinum  =  0.10^  ohm 

Tungsten  =  0.06^  ohm 

Iron  »     0.131     ohm 

IL  =     0.2U^     ohm 

■^  •     0.2i^2     ohm 

The  values  for  a  R  were  computed   from  the  eouations: 

2e  e 

Platinum  a  R  a  —^  (1  -  12.3  7^) 

^a  *a 

2e  e 

Tungsten  a  R  «  --£  (1  -  18. 8^^  -fi) 

*a  ^a 

2e„  e^ 

Iron  A  H  »  Y"-^  (1  -  10.3  -f) 

a  a 


ATPISNDIX  B 
Computation  of  Heat  Flux 

Heat  enerra^  diselpated  by  the  wire  nay  "be  eQunted  to  elect ricnl  energy 

a>>torbed. 

q/A  (Btu/ln2  sec)   S  (In^)  n  j^n  (wntts)  X  *??>   ft  l^sfneo  HP 

'  '  778  ft  1>>8/Btu  7^6  wntts/HP 

Substitute  for  S  In  terms  of  L,    length  in  inches,   d,   diflineter  in  Inches. 

Substitute  for  H  the  exprespion   /O  L/A  with  yo   in  microhm- cm.    nnd  A  In 

square  inches 

,1/A  X  lilk.    X    152--   X    -JL   X    -i.    X    10-6 

*'  A^fk         778  X  7^6         TTdL  2755 

q/A  s  iV^  /  ^.61  X  109  X  d3 
yor  the  tdatlnxun  nnd   tungsten  wires,     d  «  0,010  inches 

q/A  «  I^y<3  /  6610  (Btu/in^eec) 

Fbr  the  Iron  wire,     d  «  0,009  Inches 

q/A  «  I^  /  U815  (Btu/in^sec) 

After  computation  of  the  temperature  "by  the  method  shown  In  Ap-nendl^c  A, 
the  value  of  /o  at  this  tenrpersture  may  "be  found  on  Jig,  ^,   Then  q/A 
can  "be  comt^uted  for  the  -do int. 
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APPETOIX  C 
Saicple  CoinputAtion 

Wir«      :      Plntlnujn 

Fluid   :     I'.ethyl  Alcohol 

l^uld  Brilk-  Temperature  24®C 

Voltage  DlYider  Ratio     50 

Ammeter  Hatlo     20 

Bridge  Zero  at  0.05  ^ 

Rendlrv?8      :      Ainireter;    I  «  170 

Potentiometer;  M7«  0,76 

Ajyaneter  rending  times  nnrieter  ratio       P-  ^-  r..7.U  a  3,U.  arcpe 

1000 

Correct  KV  rending  "by  Ru"btrncting 

initial  setting  of  potentiometer  0.7^  -  0,05  •  0.71  MV" 

Multiply  corrected  f-HT  "by  voltage  divider 

mtio  and  convert  to  volte  ^SftA     ^  ^0  ■  0,0355  v 

T  »  iv9.1  oc 

T  ■   AT  -^  Tj  •  h^i\  -h  2i^.0  a  73.1  °C 
Read    x)  from  Jig,   h  for  each  temperature  :/0  «  13.8  miorohm- 

Comput  e     q/ A 


•cm 


o/A     a     ;!=£        »      (%^)^  ^  1^8 
■'  6610  6610 

«     0.02iv2     Btu/in^   sec 
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Properties  of  Te«^t  Flulfls 


Fluid 

Synonyms 

Chemical 
Formila 

Mol. 
'■gt. 

■Density 
g/jnl 

1 

Boiling 
pt 

Methyl 
Alcohol 

Methanol 

CIUOH 

32.0^ 

0.79609 

(^.65 

lao- 
octnna 

?,2,ij-tri- 

methyl- 

pentane 

(0113)2  CCH2- 
CH(CH3)2 

114.23 

O.69I8 

99.3 

Carhon 
Tetra- 
chloride 

Tetra- 

chloro- 

methane 

ccx^ 

153.84 

1.595 

76.0 

Fluid 

Thermal 
Conductivity 
cal/eec  cm  °C 

Electrical 
Conductivity 
ohnT^  caT^ 

Yiecosity 
cp. 

Surface 
Tension 
dynes/ cm 

Methyl 
Alcohol 

0.000498 

58  X  10-7 
(20^0) 

0.597 
(20OC) 

22.6 
(20«>C) 

Iso- 
octane 

0.000375 
(n-octane) 

<    1  ^  10"^^ 

0.542 
(20®C) 
(n-octane) 

21.8 
(20®C) 
(n-octane) 

Carhon 
Tetra- 
chloride 

0.000263 

h  X  10"^^ 

0.969 
(20°C) 

26.8 
(20^0 

Sources:  Refs.  6,  8. 
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TABL3   II 


Cowpnrleon  of  Hnnd^oot  nnd 

■•^Tperl mental  Vnluee  of  Teinjemture 

Coefficient  of  Reeietlvity,  c^.{   /^) 


Material 

CX   .   /OC 

Platlnun 
Tungsten 
Iron 

From  Slope 
of 

cunre 

Aren^e 

■^TperlBientftl 
valueB 

Hnnd'book 
(Ref.) 

Deri at ion 
Between 

Exp. 
value •  and 
(Ref) 

o.0035l^ 
0.00435 
0.005 

0.003^8 
0.00^^2^ 
0.005 

0.0036 

(Ref.   5) 

O.OOU5 

(Ref.   k) 

0.005 

(Ref.   k) 

5.1  i 
0      i 
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FIGURE  2 
TEST  BRIDGE 
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FIGURE  3 
TEST  WIRE  HOLDER 


/ 


/ 


POWER 

LEAu 


FLUTDl 
CONT. 


I^IER 


WIRE  CLAMP 


APPROXIMATE 


FLUID     LEVEL 


TEST  WIRE 


OJ 


DETAIL  OF 
WIRE  CLAMP 

KOVAR 
ROD 


\J 


BRASS 

PLAIES 


3 


,  I  '..ll 


FIOUAE  4 


f 


-  33 


u 

OB 


ra 


H 


FIGURE  5 

HEAT  FLUX  vs.    WALL  '.'EMPERA  i  URE 
Wire:     Iron 

Fluid:     Methyl  Alcohol 
Bulk  Temp.:    2 2° C  and  62° C 
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FIGURE  6 

HEAT  FLUX  vs.   WALL  TEMPERATURE 

Wire:    Platinum 

Fluid:     Carbon  Tetrachloride 

Bulk  Temperature:     22°C 
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HEAT  FLtJX  v«L  WAlL  TEMPERATURE 


Wire:   Platinum 
Fluldt    Methyl  Alcohol 
,i>ulk  Temp,:    259c 
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PIEAT  FLIUX    v<i.     WALJL  TEMPERATURE 
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FIGUFiE  12 
lEAT  FLUX  va.   VfAhL  TEMPERATUR] 

Wire:    Iron 

iJ'luid:    Methyl  Alcohol     '  j 

Bulk  Temp.:    62^0 1 
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HE^r  FLUXve.   WaIl  TEMPERA. UKE 


Wire:    PUtinum 
Fluid:    Octane 
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FIGURE  15 
•EAT  FLUX  va.   WALL  TEMPERATURE 
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FIGURE  16    ,' 
HE4T  FLUX  vs.   WALL  TEMPERAIOJRE 


Wire:    Platinum 
Fluid:    Octane 
Bulk  Temp.:    74°0 
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HEAT  FLUX  vai.  WALL  TEMPERATURE 


Wire:    Irdn 

Fluid:    Carbon  Tetr&chlo'i<ic 
JBulji  Temp. :    24*'C_J ._ 
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FIGURE  24 
flE-'jT  FLUX  va^   WALL  TEMPERA 'iURE 
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Fluid:    Casrbon  Tetrachloride 
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